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MRTHQnOFTRRATTNrt STTRSTANCF. AND APPAR ATTTS FOT^ 
CARRYING OUT THE SAME 

Background of the Invention 

Field of the Ifivendon 

The present invention relates to a method of treating substances by 
applying discharge plasma to a fluid containing the snbstances to bR treated. 
5 The present invention also relates to an apparatus for carrying out such a 
substance treating method. Particularly, the present invention relates to a 
technique for decomposing, by discharge plasma, harmful or poisonous 
substances such as dioxins contained hi waste gases emitted from burning 
^ybLcuis iuLu harmless subslaiiccs or easily cuUcclablc subsUuiccs. 

10 Description of the Related Art 

Various kinds of harmful substances are contained in waste gases 
discharged from city type incinerators and large scale industrial waste treating 
plants;. Recently, nnr only NOx and SOx, but also dioxins have been notified 
as harmful substances. It is important to emit the waste gas into the 

15 atrhosphere after reducing concentrations of these harmful substances below 
allowable safety level. 

Heretofore, many treating methods have been developed for 
reducing concenLraLions of harmful suhstiinces in waste gases. However, in 
die known methods, large scale treating equipment is required, a treating 

20 efficiency is relatively low, a running cost is radacr hi^h, and a maintenance is 
complicated. Th^efore, the known treating methods could not be effectively 
used- For instance, in many burning systems, electric precipitation devices 
are used. However, it has been made clear that the electric precipitation 
mi ght be a source generating harmful dioxins. Therefore, nowadays, a bag 

25 filter has been utilized instead of the electric precipitation device. However, 
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the bag filter has a short life lime and ics maintenance is rather complicated. 

In order tn remove or mitigate the above mentioned demerils, therts 
h'ds bccu proposed a substance treating method, in which harmful substances 
arc reacted with electrons generated by corona discharge or dielectric barrier 

5 diseharjs;e and ore transformed or converted into harmless substances or 

substances which could be collected easily. Fig. 1 shows a known waste gas 
treating apparatus. An electrically conductive pipe. 1 serving as a coaxial 
nibiilar reacrion vessel is provided, a wire clcciiudc 2 ih aiiaiiged along a 
longitudinal axis of the pipe 1 and a pulse supply source 3 is connected across 

10 the pipe and the wire electrode to generate corona discharge within the pipe. 
Then, a waste gas is flowed through the pipe 1 and dioxins, NO^ and SO, are 
reacted with radicals and accelerated electrons generated by the curuna 
diiiclxaige and ai e decomposed into harmless substances. 

Fig, 2 shows another known waste gas treating apparatus using the 

15 above mentioned pulse discharge plasma. In this apparatus, an inner pipe 4 
made of a dielectric material is arranged on an inner wall of an elecrrirally 
conductive outer pipe 1 aud a wire clccliode 2 is ai tanged witliin tlie inner 
pipe 4 along its longitudinal axis. In this apparatus, an AC voltaic supply 
source 5 is connected across the electrically conductive outer pipe 1 and the 

20 wire electrode 2 to generate the barrier discharge. 

Fig- 3 is a perspective view depicting anorhftr known waste gas 
rrearing apparatus disclosed in Japanese lu^^tiLulc of Electrical Engineers 
Theses, Hiroyuki YASUI. "Waste Gas Treating Technique with Pulse Corona 
Discharge", VoL 119, No. 5, 1997. ApluraUty of plat© electrodes 6 are 

25 arranged in parallel with each other, wire electrodes 7 are arranged between 
adjacent plate electrodes, and a pulse supply soiu*ce 3 is corme-ctexJ across thp; 
plate electrodes 6 and the wire electrodes 7. A waste gas containing 
substances lo he treated is flowed through spaces between successive plate 
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electrodes 6. 

In the known substance rrearing method using the discharge plasma, 
the wire electrode is arranged along tbc longitudinal dxls of tlic gas flow 
passage having a relatively large cross sectional area, and therefore the 
5 discharge plasma could not be generated uniformly along the space through 
which the waste gas flows. For instance, in the known apparatus shown in 
Fig. 1, the discharge plasma is locally produced around the wire electrode 2 as 
depicted in Figs. 4 and 5, and Lhe plasma is scarcely generated near the 
periphery of the gas flow passage. When the discharge plasma is localized, a 

10 possibiUty of the reaction of given substances contained in the waste gas with 
electrons generated by the plasma might be decreased, and the treating 
efficiency becomes low. This problem also occurs in che known apparatus 
shown in Fig. 3 using the plate electrodes 6 and wire electrodes 7. 

In the above explained known substance treating apparatuses, the 

15 pulse supply source or AC voltage supply source is connected across the two 
kinds of electrodes In order to decompose dioxins contained in a waste gas, 
dioxius have to be reacted with elecUous having substantially high energy. 
However, the known waste gas treating apparatuses could not efficiently 
generate electrons having high energy i hat is to say, although an ordinary 

20 AC voltage supply source is connected across the electrodes, it is impossible 
TO gRnerare efTicienrly electrons having desired high energy. 

When Uie AC voltage supply source is uiilLied, elections having 
energy of about 1 eV are prcdonrxinantly generated as shown by a curve A (I IF 
plasma) in Fig. 6, but a density of electrons having energy higher than 5 eV 

25 becomes very low. In order to decompose dioxins efficiently, electrons 
having energy of about 3-10 eV are effective, but a density of such high 
energy electrons is low. Therefore, the known apparatus using the high 
frequency voltage supply source could not decompose dioxins efFicienrty. 
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Moreover, in case of using the pulse supply source, in order to 
dectiTTipose dioxins efficiiiudy^ il iai uccc2k:jar> Lo generate clcuUOuji Iidviu^ 
energy of about 3-10 cV. To this end, a voltage pulse applied across the 
discharge electrodes must have a sharp or steep raising edge as well aa a short 

5 pulse duration. To this end, one may consider to utilize a pulse supply source 
including a thyratron as an active element. The pulse supply source using the 
thyratron has sharp raising edge, short pulse duration and large discharge 
cuireuL as sht)wn in Fig. 1. Howcvei. die diyiauoii has sev6i"al drawbacks 
such as large size, low power efficiency, high cost, short life time, large 

10 secular variation and cumbersome maintenance. Particularly, in ihe waste 
treating system, a power consumption is liable to be large due to the cathode 
heater and cost for exchanging ihe tliyrdiruii hdviug d shoii life lime becomes 
liigh. 

In order to overcome the above mentioned problems, it is desired to 
15 utihze a pulse supply source having a semiconductor element as a switching 
element, because the semiconductor element has a high power efficiency and a 
visry lung life linic. As die semiconductor switctung clement, use may be 
made of GTO (Gate Turn-off Thyristor) and IGBT (Insulated Gate Bipolar 
Transistor), However, G TO has a very slow raising edge and a long duration 
20 as illustrated in Fig, 8. Furthermore, electrons having a desired energy level 
could nor he generated efficiently unless a plurality of large scale ciicuils 
iiiL;liiding xuaguetic compxession circuits arc connected in cascade. Although 
IGBT can generates a pulse having a steeper raising edge and a shorter 
duration than GTO as shown in Fig. 9, its raising edge is not sufficiently sharp 
25 for generating electrons having high energy of about 3-10 eV with a high 

density, such electrons being necessary for dennmposing dioxins in an efficient 
manner. 

There has been also proposed to treat harmful substances contained 
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in waste gases using materials having catalysis. However, a treating 
effirJftncy is noT snfficienrly high, and waste gases emitted from city type 
inciaeiatots aiid iiidusUial waslc LrtsatiEig plants cuuld not bti purged 
effectively, because such waste gases contain harmful substances with vciy 

5 hi^h densities. 

Rec&ntly there has been proposed to treat harmful substances using 
materials such as Ti02 having phoiocatalysis. However, this type 
phoTocawlysIs nee^s tn he excued with nltravinler, and ThRrftforf; its 
application is limited to outdoor such as load fence, load surface and outer 

10 wall of building. Therefore, the photocatalysis could be not be utilized for 
purging waste gases emitted from city type incinerators and industrial waste 
ireaiing plants. 

Summaiy of the Invention 
The present invention has for its object to provide a novel and 
15 useful method of treating substances^ in which the substances can be treated 
efficiently by a combination of catalysis and discharge plasma generated 
unifiirmly ahmg a. limg passage thrimgh which a fluid containing the 
substances to be treated is flowed. 

It is another object of the invention to provide a method of treating 
20 substances, in which the substances can be treated efficiently with a pulse 
discharge plasma which can generate electrons having a desired high energy 
level with a high density. 

It is anotlicr object of the invention to provide a method of treating 
substances, in which the above mentioned pulse discharge plasma generating 
25 electrons having high energy level can be effectively produced by a 
semiconductor switching element. 

It is still another object of the invmtTon to provide a method of 
treating substances, in which a treating efficiency can be improved by exciting 
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a phoiocatalysis maierial with ultraviolet radiation emitted jfrom the discharge 

According to the iuventioa, a nietliod of ueaiiiig subsLajiccs 
comprises the steps of: 
5 generating discharge plasma within an electrically insulating honeycomb 

structural body having a plurality of through holes by applying a discharge 
voltage across electrodes, at least a part of the electrodes being made of a 
meUil having catalysis; 

flowing a fluid containing substances to be treated through said plurality 
10 of through holes formed in the honeycomb structural body; and 

treating the substances contained in the fluid by a reaction with the 
discharge plasma and by catalysis of at least a pan of the electrodes. 

According to further aspect of the invention, a method of treating 
substances comprises the steps of: 
15 generating discharge plasma within an electrically insulating honeycomb 

smicniral body having a pkiraliiy of through holes by applying a discharge 
voltage dcruEib clcuUodcs, al least a pai t of said liuiicycuiiib ^IrucLural body 
being made of a material having photocatalysis; 

flowing a fluid containing substances to be treated through said plurality 
20 of through holes formed in the honeycomb structural body; and 

treating tKr snbsrancRs conraine^ in xhet fluid by a reaction with The 
dlscliaige plasma and by decomposition aud/oi OAidaiiou by active OAygcu 
generated by said photocatalysis material excited with radiation emitted from 
the discharge plasma. 
25 According to further aspect of the invention, a method ot treating 

substances comprises the steps of: 

generating discharge plasma within an electrically insulating hnneycnmb 
structural body having a plurality of through holes by applying a discharge 
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voltage across electrodes, at least a pare of said honeycomb structural body 
being iiiadti of a pht)U)catalysi5; material and at lea^r a parr of the elecrrodes 
being made of a metal having catalysis; 

flowing a fluid containing substances to be treated through said plurality 
5 of through holes formed in the honeycomb structural body; and 

treating the snbstances contained in the fluid by a reaction with the 
discharge plasma, by catalysis of at least a part of the electrodes and by active 
oxygen geaeiaied by said phulucalalysis uiaLerial exciLtsd with radiaticm 
emitted from the discharge plasma. 
10 The present invention also relates to an apparatus for treating 

substances, and has for iis object to provide a substance treating apparatus 
which can treat particular substances efficiently, white the apparatus can be 
small in size, can save power, can have a long life time, and is less expensive 
in cost. 

15 According to the invention, an apparatus for treating substances 

comprises: 

an electiically insulating honeycomb sUuclural body liaviiig a plurality of 
parallel through holes through which a fluid containing substances to be 
treated is tlowed; 

20 an electrode system for generating discharge plasma within the 

honeycomb structural body siich that The substances coorained in the fluid 
flowing dirough die tlirough holes is reacted witli llie discliaigc plasma, al 
least a part of said electrode system being made of a material having catalysis; 
and 

25 a power supply source connected to said electrode system for applying a 

discharge voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 

According to further aspect of the invention, an apparatus for 
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rreariTig siibst>jTices cnmprisE^s: 

a honeycomb structural body having a plurality of parallel tlirough holes 
through which a fluid containing substances to be treated is flowed, at least a 
part of said honeycomb structural body being made of ceramics including a 
5 material having photocatalysis; 

an electrode, system for generating discharge plasma within the 
honeycomb structural body such that the substances contained in the fluid 
flowing through the through holes are reacted with the discharge plasma and 
said material having photocatalysis is excited with radiation emitted from the 
10 discharge plasma; and 

a voltage supply source connected to said eleclrode syjiLem for applying a. 
di&chaige voltage to said electrode system such diat the discharge plasma is 
generated within the through holes of the honeycomb structural body. 

According to further aspect of the invention, an apparatus for 
15 treating substances comprises: 

an t:lcx;Lrii;ally iiisulatiug honeycomb structural body having a plurality of 
parallel through holes through which a fluid containing substances to be 
treated is flowed, at least a part of said honeycomb Btructurai body bemg made 
of a material having photocatalysis; 
20 an electrodft sysTf»,m fnr generatmg discharge plasma within thts 

huucycouib suuctural body such that tl>6 substances contedncd in the fluid 
flowing through the through holes is reacted with the discharge plasma and 
said material having photocatalysis is excited with radiation emitted from the 
discharge plasma, at least a part of said electrode system being made of a 
25 material having catalysis; and 

a power supply source connected to said electrode system for applying a 
discharge voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 
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III tlie nietliod and apparatus for Ire^iting a siihsrance according co 
the invention, gas or liquid, i.e. fluid containing substmices to be Ucatcd is 
flowed though the throu^;h holes formed in the honeycomb structural body and 
the discharge plasma is generated within the through holes. Since the 
5 discharge space is defined by the through holes, the discharge plasma is 

generated unifnmnly over a whole cross ser.tion of the fluid passage, and thus 
the substances can be efficiently reacted with radicals and electrons generated 
by the discharge plasma with a high possibility. In this manner, tlie substance 
treating efficiency can be increased. 

Furthermore, when at least a part of the electrode system for 
gcucraiiug the diycharge plasma is made of a catalysis metal such as platinum, 
palladium and nickel scries metal, tlic substances to be tiealcd can be 
decomposed by the reaction with electrons having lower energy level under 
the catalysis. In this manner, the treating efficiency can be further improved 
15 materially. 

Moicover, when at least a paxt of die huucycuinb sLructural body is 
made of a photocatalysis material, the photocatalysis material can be 
effectively excited with ultraviolet radiation emitted from the discharge 
plasma which is generated uniformly along the through holes of the 

20 honey cuiiib stiucLural hi3dy. Then, active oxygen is gen^raTed, and the 

substances to be treated arc decomposed and/or oxidized by the dlu^i gcricraLed 
active oxygen. According to the invention, the active oxygen is generated 
not only near the inner wall of the through hole, but also over a whole cross 
section of the through hole, and therefore the treating efficiency is very high. 

25 Further, the substances tn he n-eated are first transformed into iniexmediate 
substances by radicals and electrons in the discharge plasma, and then the thus 
transformed intermediate substances are further treated by the active oxygen. 
Alternatively, the substances to be treated are first reacted widi the active 
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oxygen to produce inceTmediate subsiances, and then the thus transformed 
miermediate substances are reacted with radicals and elecrrnns In ths 
discharge plasma. In tliis manner, tlie substances contained in die fluid can 
be treated very efficiently. 

5 The method and apparatus for treating substances according to the 

invention may be used for various applications. Particularly, it is preferable 
to apply the present invention to city type waste incinerators and large scale 
iuduNliial waste Ucating ^jlaiUs, and diuxins, NO^ and SO^ cuuLaiucd in waste 
gases discharged from these burning systems can be decomposed into 

10 harmless substances by the reaction with the discharge plasma generated 

within the honeycomb scruciural body. In such applications, ii is particularly 
preferable to generate the discharge plasma within the honeycomb structural 
body as pulse corona discharge plasma. In such a pulse corona discharge 
plasma, electrons having aufficiendy high energy level for effectively 

15 decomposing dioxins can be generated with an extraordinary high density. 
In this case, in order lo decompose harmful substances such as dioxins in an 
effective manuei; it is preferable to geueiate tlie pulse corona discharge plasma 
which can produce electrons having high energy level of 3-10 eV. To this 
end, it is preferable that a raising edge of a pulse discharge current is larger 

20 than 5x10^° A/second, particularly larger than 1x10" Aysecond and an 
amplinide of the pnl se discharge current is several thousands amperes. 

According to tlie invention, in oider to generate the pulse corona 
discharge plasma, it is preferable to construct said pulse supply source by a 
static induction thyristor as a switching element. The static induction 

25 thyristor is a semiconductor switching element, and therefore size is small, 
power consumption is low, life time, is semipermanent, maintenance is easy, 
and cost can he reduced. 

According to a first principal structure of the present invention, said 
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discharge plasma is generated within the honeycomb structural body in a 
direction parallel to a longitudinal direction of the rbroogh boles, and 
according U) a stjciind principal sLrucLure uf ihc prcscnL invciiLioii, (lie 
discharge plasma is generated witliin tlic honeycomb structural body ui a 

5 direction perpendicular to a longitudinal direction of the through holes. 

In a preferable embodiment of the substance treating apparatus 
according to the first principal structure of the present invention, said eleetrode 
sysTem comprises first and second ftlecrrndes provided nn re55perj.ivft end 
surfaces of the honeycomb structural body and said first and second electrodes 

10 are connected lo the power supply source such that a discharge voltage is 
applied in a direction parallel to a longitudinal direction of the through holes. 
In such a structure, said first and second electrodes may be formed by first and 
sjccund mc^ih clccUodes provided on die end suif aces of tlie honeycomb 
structural body, or may be formed by metal films applied on the end surfaces 

15 of the honeycomb structural body, in the later case, it is preferable that the 
metal films are extended onto inner walls of the through holes. 

In a preferable t5mbudimeiiL uf Llic subsLaiicc Lrcaliug apparatuii 
according to tlic second principal structure of the present invenuon, said 
electrode system comprises a cylindrical electrode arrange on the honeycomb 

20 structural body and a plurality of wire electrodes passing through holes, said 
cylindrical electrode being connected to a first output terminal of the power 
supply source and said plurality uf wire electrtidtis being cuimccLcd Lu a 
second output terminal of the power supply source. 

In another preferable embodiment of the substance treating 

25 apparatus according to the second principal structure of the invention, the 
electrode system comprises first and second groups of a plurality of wire 
electrodes passing through the through holes, said first and second groups of a 
plurality of wire electrodes being connected to first and second output 
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rermiTiJilR, respf^^-nvftly of thft power supply source. 

lu aaoihei ptefeiable enibcduucxil of Qic bubytaucc ircaLing 
apparatus according to the second principal structure of the present invention, 
the electrode systems comprises a first ^oup of a plurality of strip electrodes 
each being applied on inner walls of the through holes and a second group of a 
plurality of strip electrodes each being applied on the inner walls of the 
through hnles tn he; oppnj^ed to thet first grnnp j?trip pJertrodes, said first and 
second groups of a plurality of wke electiodes being counecLcd lo fiist and 
second output terminals, respectively of the power supply source. 

In case of using the honeycomb structure, it is preferable to form 
protrusions and depressions in inner walls of the through holes of the 
Ixoucycouib six ucluial body. Tlicu, Uic fluid conlaiuiug Nubsl^mue:^ lu 
treated becomes a turbulent flow and is effectively stairedL 

According to the present invention, a plurality of honeycomb 
structural bodies are arranged in parallel with each other or in series with each 
other Tn rhe former case, elecn-nrtes arranged an one end fmrfaces of The 
honeycomb structural bodies arc commonly connected to one output terminal 
of the power supply source and oil electrodes provided on the other end 
surfaces of the honeycomb structural bodies are commoaJy connected to the 
other output terminal of the power supply source. In the. later case, 
decLrodtss arranged tm end surfaces i)f respt:;:Livti hDiieycomb sLruciural bodies 
may be connected to a Scimc power supply source or different power supply 
sources having different output voltages. 

According to further aspect of the present invention, an apparatus 
for treating substances comprises: 
a sleeve eler-trode; 

a first insulating sleeve made of ceramics containing a material having 
photocaialysis and arranged in an inner wall of the sleeve electrode, said first 
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insularing sleeve consririning a passage for a fluid containing substances to be 
Uralcd; 

a wire electrode arrange along a central axis of the first insulating sleeve; 

a second insulating sleeve made of ceramics containing a material having 
s photocatalyGis and arranged around the wire electrode; and 

a discharge voltage source connected to said sleeve electrode and wire 
electrorir. to genexatft (iisKhargp, plasma between the sleeve electrode and the 
wiie electiode; 

wherein the substances contained in the fluid are treated by reaction with the 
10 discharge plasma and with active oxygen generated by exciting the material 
having photocaialysis with radiation emitted from the discharge plasma. 

Albu in ilii&> ^ubblducc irealiug apparatus, it is preferable that the 
discharge voltage source is formed by a pulse supply source to generate pulse 
corona discharge between the sleeve electrode and the wire electrode. 
15 Furthermore, the material having photocatalysis may be TiO^. 

Brirf nesnriprion of rhft nrawij^g s 
Fig. 1 is a perspective view showing schematically a known wayLc 
^as treating apparatus including a pipc-likc electrode and a wire electrode; 

Fig. 2 is a schematic cross sectional view illustrating a known 
20 waste gas treating apparams utilizing a dielectric barrier discharge; 

Fig- 3 is a perspective view depicting schemanaalTy a known waste 
gas treating apparatus utilizing coi'ona dischaige generated by plate clcuti udcii 
and wire electrodes; 

Figs. A and 5 are lateral and longitudinal cross sectional views, 
25 respectively showing a discharge condition in the known waste gas treating 
apparatus shown in Fig. 1; 

Fig. 6 is a graph showing a relationship between energy and density 
of electrons generated in known high frequency plasma; 
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Figs. 7, 8 and 9 are graphs illustrating a waveform of pulses 
gCTfiratftd by pnlse supply sources nsing thyraTron, GTO nnd TGRT, 
lespectively: 

Fig, 10 is a schematic view sho-wing a first embodiment of the 
5 substance treating apparatus based on a first principal structure according to 
the present invention; 

Fig, 11 is a schematic view depicting a se^^ond embodiment of the 
snhsTancft treating apparatus hased nn the first principal smicnire according to 
the invention; 

10 Fig. 12 is a graph showing a waveform of a pulse generated by a 

pulse supply source utiUzing a static induction thyristor; 

Fig, 13 is a perspective view illusiranng a pan of a mesh electrode 
of a tliird embodiment of the substance treating apparatus according to the 
invention; 

15 iri'ig. 14 is a perspective view illustrating a part of a mesh electrode 

of a fourth embodiment of the substance treating apparatus according to the 
invenLion; 

Fig, 15 is a perspective view illustrating a fifth embodiment of the 
substance treating apparatus according to the invention, tn which mesh 
20 electrodes are applied to end surfaces of a honeycomb structural body; 

Fig. 16 is a perspective enlarged view representing a pan of the 
mesh eleulrode shuwu in Fig. 15; . 

Figs. 17 and 18 arc lateral and longitudinal cross sectional views, 
respectively showing a condition of pulse corona discharge in the embodiment 
25 shown in i:^ig. 15; 

Kgs. 19, 20, 21 and 22 are schematic views illustrating sixth, 
seventh, eighth and ninth embofliment-s. respectively of the substance treating 
apparatus according to the invention based on the second principal structure; 
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Fig. 23 is a schematic perspective view illustrating a tenth 
embofiiTnenr of rhp, .<5nbsT;?nce Treating apparariis according to the invention, in 
which a plui aliLy of honey coiiib fiilrucLurcil budics are arraiigtid in parallel; 

Fig. 24 is a schematic perspective view illustrating an clcvcntli 
embodiment of the aubstancc treating apparatus according to the invention, in 
which a plurality of honeycomb structural bodies are arranged in series; 

Fig. 25 is a schematic perspective view showing a twelfth 
emhortiTnem of the siibstflnce xreaTing apparaniR according to The invention, in 
which a plurality of honeycomb structural bodies are arranged in series; 

Fig. 26 is a cross sectional view depicting a thirteenth embodiment 
of the substance treating apparatus according to the invention, in which 
depressions and protrusions are formed in an inner wall of a through hole of a 
honeycomb structural body. 

Fig. 27 is a perspective view showing a fourteenth embodiment of 
the substance treating apparatus according to the invention, in which a 
honeycomb suiictural body is not used; and 

Fig, 28 is a schematic view representing a waste burning plant 
using the substance treating appeu^tus according to the invention. 

Description o f theJBrefeir ed Embodiments 
Now the present invention will be explained in detail with reference 
to several embodiments shown in the accompanying drawings. 

Fig. 10 is5 a schtSTnalic view showing a first embodiment of the 
substance treating apparatus according to the invention based on the first 
principal structure. According to the invention, a honeycomb structural body 
11 made of an electrically insulating materiai is used as a structural member 
for forming a passage through which a fluid containing substances to be 
treated is flowed as well as a discharge: space for generating discharge plasma. 
In the first principal structure according to the invention, a discharging voltage 
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is applied in parallel with a longitudinal direction in which a plurality of 
through holes 12 formed in the honeycomb sinictural body 11 extend. In the 
presenr embodimftnT, nriptsh ftlfscTrocifts ^?^ and 14 arepnwicied nn end surfaces 
of (he hoiieyconib suuctural body 11 and an AC voltage supply souixe 15 is 
5 connected across these mesh electrodes 13 and 14. Furthermore, these mesh 
electrodes 13 and 14 are made of a material having catalysis. In the present 
embodiment, the mesh electrodes 13 and 14 are made of nickel series metaL 
According to the invention, the electrodes may be made of any metal having 
catalysis such as platinum and palladium. By using the mesh electrodes 13 
10 and 14 having catalysis, harmful substances contained in a fluid flowing 

through the through holes 12 formed in the honeycomb structural body 11 are 
liable to be decomposed, and therefore can be effectively decomposed by the 
reaction with radicals and accelerated clccuoiis geneiaied by the dischaige 
plasma produced within the honeycomb structural body IL 
15 In the present embodiment, harmful substances such as dioxins, 

NOj and SO^ contained in a waste gas emitted from a city type incinerator are 
decompose-d into harmless substanr«s by reacting these harmful snbst^inces 
widi rddicals and accelerated elections generated in the discharge plasma 
which is produced within the honeycomb structural body 1 1 . The 
20 honeycomb structural body II is made of cordierite ceramics and the through 
holes 12 are formed with a density of about five holes per one. square 
cejiTlmeiex. The mesh elftrrrndKs 1 and 1 4 has a mesh size a[ 40 mesh. 
Furdiennure, llic AC supply souice 15 has a vaxiable output voltage up to 
70 kV and a frequency of several kHz, e.g. 5 kHz. 
25 It should be noted that the number of the through holes 12 per unit 

surface area of the honeycomb structural body 11, the mesh size of the mesh 
electrodes 13 and U, and an output voltage of the high frequency voltage 
supply source 15 as well as a crr^ss sectional area of a through hole 12, and 
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length and diameter of the honeycomb structural body 11 may be determined 
in accordance wirh a flow rate of wasre gas conr^iintTig suhRtances tn be 
LrBfcLLed, concenLradous uf tlic:sc subsLduucs iu llie waste gas and lesidual 
concentrations of these substances after the treatment. Mainly due to 
5 manufacturing view points, the honeycomb structural body 11 preferably has a 
length of about 1-100 cm and a diameter of about 5-20 cm. The through hole 
12 has a square cross section having such a size that its inner contact circle is 
preferably set to aboiu 5-10 mm. 

Fig. 11 is a schematic perspective view showing a second 
10 embodiment of the substance treating apparatus according to the invention 
also based on the first principal structure. In this embodiment, portions 
similar lo those of the first embodimem are denoied by same reference 
uumcidls used in Fig, 10 and tlieii- detailed explanation is dispensed with- 
in the first embodiment shown in Fig. 10, the mesh electrodes made of a metal 
15 having catalysis 13 and 14 are connected to the AC supply source 15, but in 
the present embodiment, the mesh electrodes 13 and 14 are connecied to a 
puke supply source 16. By using Llic pulse 2iupyly souice 16. pulse corona 
discharge plasma is generated in the through holes 12 formed in the 
honeycomb structural body 11. According to the invention, the pulse supply 
20 source 16 is constructed such that electrons having high energy level such as 
about 3-10 eV are generated with an extraordinary high rtensiry. Then, 
dioxins ctmldined in a. waste giisi \smi he effectively decomposed. 

As explained above, in the present invention, by using the pulse 
supply source 16, it is possible to generate electrons having high energy of 
25 about 3 10 eV with an extraordinary high density as represented by a curve B 
in Fig, 6. Such electrons having energy of about 3-10 eV can decompose 
dioxins in an efficient mannfr, and therefore an ability for treating a waste gas 
can he improved. Furthmnore, in the present embodiment, the mesh 
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electrodes 13 and 14 are made of a metal having catalysis and harmful 
substances are liable to he decnmpnsed. In this manner, the decomposition 
of hai-mful substances contained in die waste gas can be further improved by a 
synergic effect of the catalysis of the mesh electrodes and the high energy 

5 electrons generated by the pulse corona discharge plasma. 

In order to generate electrons having high energy of about 3-10 eV 
for decomposing dioxins efficiently with a high density, the pulse supply 
source 1 6 i« prisfcidblc uuuiilruuLcd such llrdt a raising edge uf a pulse corona 
discharge current is higher than 5x10**' A/sec, particularly 1x10*' A/sec, an 

10 output voltage is higher than 10-70 kV and a conduction current is several 
thousands amperes. By using such a pulse supply source, a pulse voltage 
applied across the discharging electrodes can have a raising rate of about • 
1x10^^ V/scc. Such a pulse supply source may be constructed by a thyratron, 
but the pulse supply source including the thyratron has various drawbacks 

15 such as large size, high power consumption, short life time, i.e. 10^ shots and 
cumbersome maintenance and high cost. 

Aucurdiug to die iuveiitiou, iu order to mitigate the above 
mentioned drawbacks of the pulse supply source, use is made of a pulse 
supply source including a static inductioti thyristor as a switching clement. 

ao Fig. 12 is a graph showing a property of the static induction thyristor. From 
this graph, it is apparent that thet static induction Thyrisror has a very sreep 
laihing edge and can conduct a veiy laige current Of course, the static 
induction tliyristor is a semiconductor element, a size is small, i,e» <t>50 to 
<!)100 nam, a power consumption is very low, a life time is substantially 

25 semipermanent, maintenance is easy and cost is low. In this manner, the 
pulse supply source having the static induction thyristor as a switching 
element is most suitable for the pulse supply source of the substance treating 
apparatus according to the invention. According to the invendon, the 
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amplitude of the pulse voltage is about 10-70 kV and a pulse repetition 
frequency is sftvpiral IcHt: to 1 0 IcHz. 

Figs. 13 aud 14 aiepei spec Live views showing mesh electiodes of 
third and fourth embodiments, respectively of the substance treating apparatus 
5 according to the invention. Also in these third and fourth embodiments, the 
mesh electrodes are made of a metal having catalysis. In the third 
embodiment shown in Fig. 13, dirough holes 12 of the honeycomb structural 
hndy 1 1 have a hexagtmal cross section and llie mesh eleclrude 13 has 
rectangular openings- In the fourth embodiment illustrated in Fig. 14, 

10 through holes 12 of the honeycomb structural body 11 has a square cross 

section and the mesh electrode 13 has a corresponding square openings so thai 
the openings of the mesh electrode are not covered with the mesh electrode. 
According to the invention, it is not always necessary to make size and 
configuration of xhc mesh of the electrode 13 and the through hole 12 of the 

15 honeycomb structural body 11 to be identical with each other. It is important 
to construct the mesh electrode and through hole such rhar discharge plasma is 
generated uniformly uvci die whole sUucture of die honeycomb structural 
body. 

Fig. 15 is a perspective view showing a fifth embodiment of the 
20 substance treating apparatus according to the invention based on the first 
principal structcre, and Fig. 16 is a perspective view tlln.sTraring a mevsh 
decLrude un an ciilai^cd scale, lu die piesent embodiiueat, mesh electrodes 
17 and 18 arc formed by metal layers apphed on end surfaces of a honeycomb 
structural body IX. In this manner, it is possible to obtain the mesh 
25 electrodes which do not clog through holes 12 of the honeycomb structural 
body IL The mesh electrodes 17 and 18 are connected to a pulse supply 
source 16. In the prese*.nr embodiment, the mesh electrodes 17 and 18 are 
extended onto inner walls of the through holes 12 to increase a contact surface 
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of the mesh electrodes with a waste gas. 

Figs. 17 and 18 are lateral and longiTudin?^! rross sftcrional views, 
respectively representing a condiLioii of pulse txjruua diskdiaigc plasma 
generaied along tlie througli holes 12 of the honeycomb structural body 11 

5 when a pulse is applied to the mesh electrodes from the pulse supply source 16. 
As illustrated in these jfigures, discharge plasma is generated uniformly along 
the through holes 11 of honeycomb structural body 11, and therefore dioxins 
contained in waste gas can Rffftcrively reacted with high energy electrons 
and radicals generated by the discharge plasma. In this manner, dioxins can 

10 be decomposed effectively. The inventors have confinned that the discharge 
plasma is a surtace discharge produced along the inner wall of the through 
hole 12 formed in the honeycomb structural body IL 

In die first lo fifdi ciiibodiments explaiaed above, die discharging 
voltage is applied in a direction parallel to a longitudinal direction of the 

15 through holes 12 formed in the honeycomb structural body 11, In the second 
principal structure according to the invention, the discharging voltage is 
applied in a directinn peq^endicular ti) Ihe lungiLudiual diiccdou of the lliiougli 
holes. Fig. 19 is a perspective view showing a sixth embodiment of the 
substance treating apparatus according to the invention based on the second 

20 principal structure. In the present embodiment, a pluraUty of wire electrodes 
21 are passed through the through holes 12, said wire electrode^s being made of 
a metal having catalysis. One ends of die wire clccUudcs 21 aie secured to a 
fiist conductive plate 22 and Uic other ends of the wire electrodes 21 arc 
secured to a second conductive plate 23. The first and second conductive 

25 plates 22 and 23 are connected one of output terminals of a pulse supply 

source 16, and the other output terminal of the pulse power supply source is 
connected to a cylindrical electrode 24 arranged on the honeycomh stmctural 
body 11. Tn this c-ase, it is not necessary to pass the wire electrodes 21 
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having catalysis through all the through holes 12. According to the invention, 
it is preferable ro spre-2\d ihe wire electrodes 21 uniformly over the through 
hi)ltis 12. 

Fig. 20 is a schematic view illustrating a seventh embodiment of 
5 the substance treating apparatus according to the second principal structure of 
the present invention. In the above mentioned sixth embodiment shown in 
Fig. 19, one the discharging electrodes is constituted by the cylindrical 
elecrrodft 9.5 arranged armmfl the honeycomb stniOTire 1 1 , bnr in The prftsem 
embodiment, all discharging electrodes are formed by wire electrode made of 

10 a metal having catalysis and are passed through the through holes 12, That is 
to say, wire electrodes 26 of a first group are connected to one of output 
terminals of a pulse supply source 16 and wire electrodes 27 belonging lo a 
Sicuuiid gruup aic cuuuccicd io the otliei output tenuiaal of tlie pulse supply 
source 16. In this case, the wire electrodes 26 and 27 of the first and second 

15 groups are arranged to be distributed uniformly. 

Fig, 21 is a schematic view depicting an eighth embodiment of the 
substance Treating apparatus according to the sectmd principal slrucLure of the 
invciirion. In die present embodiment, a honeycomb strucixkral body 11 is 
made of ceramics including TiOy having photocatolysis. Discharging 

20 electrodes are f ormed by rod electrodes 28 and 29 formed by injecting a 

conductive material into through holes 12 of the honeycomb structural body 
n - Tn this case, a thmugh hole 12 having a rod electrode formed therein is 
completely clogged, and tlicreforc die rod electrodes 28 and 29 arc preferably 
distributed with a lower density than the previous embodiments. 

25 In the present embodiment, a discharging voltage is applied in a 

direction perpendicular to a longitudinal direction of the throu^ holes 12 of 
the honeycomb structural body 11 and discharge plasma is gftnerate^ within 
through holes in which the rod electrodes 28 and 29 are not provided, the 
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photocataiysiB matenal contained in the ceramic honeycomb 1 1 is excited with 
ultraviolet radiation emined from the discharge plasma to produce active 
oxygen. Harmful substances contained in a wiLsLe gas flowing lliruugh tlic 
djTuugh holes 12 aie decomposed or oxidized by active oxygen. In this case, 
active oxygen is generated not only near the inner walls of the through holes 
12, but also apart from the inner walls. Therefore, a possibihty of reaction of 
harmful substances in waste gas with active oxygen is increased and the 
treating efficiency is funher improved. 

Fig. 22 is a perspective view depicting a ninth embodiment of the 
substance treating apparatus according to the second principal structure of the 
present invention. In the present embodiment, a honeycomb structural body 
11 is made of ceramics containing a photocaialysis material, and first and 
second stiip elecirodes 31 and 32 made of a metal having catalysis aie secured 
on inner walls of through holes 1 1 formed in die honeycomb structural body 
IL The first and second strip electrodes 31 and 32 are connected to a pulse 
supply source 16. The strip electrodes 31 and 32 may be formed by applying 
a snitablft mask: nn an inner wall of a ihruugh hole, a metal having catalysis is 
deposited on tlic imicr wall, and then the mask is removed. Alternatively, a 
metal having catalysis may be first applied on an inner wall of a through hole 
and then, a part of the metal film may be removed by using a suitable mask. 
It is preferable to provide the strip electrodes 31 and 32 in all the Through 
boles 1 2, but according to the invenlion, iL is uoL always ucccs^siary to do so, 

la tlie embodiments so far explained, only a single honeycomb 
structural body 11 is provided, but in case of treating a large cmiount of a waste 
gas, a single honeycomb structural body could not provide a sufficiently large 
cross sectional area. In a tenth embodiment of the substance treating 
apparatus according to die invention shown in Fig. a phsrality of 
honeycomb stnictnral bodies 1 1 are arranged in parallel with each other to 
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obtain a large cross sectional are-a through which a waste gas is flowpsd. 
Mesh electrodes 35 airiiugcd uu vac cud suifaccs of icspeclive honeycomb 
structural bodies II arc commonly connected to one output terminal of a pulse 
supply source 16 and mesh electrodes 36 provided on the other end surfaces of 
honeycomb structural bodies 11 are commonly connected to the other output 
terminal of the pulse supply source 16. In this manner, a plurality of 
honeycomb structural bodies IT are arranged in parallel with each other with 
respect tt) ttie fluw uf a waste gas to be Ueated as well as electrically. 
According to the invention, the honeycomb structural bodies 11 may be made 
of ceramics containing a material having phorocaiaiysis and/or the mesh 
electrodes 35 and 36 may be made of a metal having catalysis. 

When a concenlration uf harmful siubsiauces contained in a waste 
gas is high or an cdlowable residual amount of harmful substances in a 
treated gas must be very small, it is not sufficient to flow a waste gas through 
a single honeycomb structural body. In such a case, a longer honeycomb 
stmctural body may be used, However, in this case, a discharging vtjlUigt; 
luighL be cAUemely lii^li. In an eleventh embodiment of the substance 
treating apparatus accordinj? to the invention, a plurality of honeycomb 
structural bodies 11a, lib, 11c and lid are arranged in series wth each other 
as depicted in Fig, 24. In such a tandem arrangement, mesh electrorif^s 
arranged on end surfaces nf honeycomb structural bodies arc allcruatcly 
cuuacctcd lo fiist and second output terminals of a pulse supply source 16- 
Also in the present embodiment, one or more of the honeycomb structural 
bodies 11a, lib, 1 Ic and 1 Id may be made of ceramics containing a material 
having photocatalysis and/or one or more mesh electrodes may be made of a 
metal having catalysis. 

Fig. 25 is a schematic perspective view showing a twelfth 
embodiment of the substance treating apparatus according to the invention, in 
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which a plurality of honeycomb structural bodies 11 a- i If are arranged in 
series with each otber. In the eleventh embodiment shown in Fig. all the 
honeycomb srnicniral bodies have the same connguraduii aiiJ size and llic 
same diijchargiug vollage is supplied across end surfaces of respective 
5 honeycomb structural bodies. In the present embodiment, the honeycomb 
structural bodies lla-llf have different lengths and different discharging 
voltages are applied to the honeycomb structural bodies. That is to say, 
viewed in a direction of a flow of a waste gas, first two honeycnmh srructiiral 
bodies 1 1 a and lib have a short length and mesh electrodes arranged on end 
10 surfaces of these honeycomb structural bodies are connected to a first pulse 
15 supply source i6a. Next two honeycomb structural bodies Uc and lid have 

;2 a long length and mesh electrodes arranged on end surfaces of these 

i 3 honeycomb structural bodies are cunuccLcd lo a second pulse supply source 

j J 16b. Tlie remaining two honeycomb structural bodies 11c and 1 If have a 

^Hi 15 short length and mesh electrodes arranged on end surfaces of these 

I 5 honeycomb structural bodies are connected to a third pulse supply source 16c. 

3 The firsr two honeycomb smictural bodies 1 1 a and lib cunuectcd 

i ll: to the firsL pulsic supply source 10a constitute a preliminary exciting region for 

exciting preliminarily harmful substances contained in a waste gas. 
20 Therefore, the mesh electrodes arranged on end surfaces of these honeycombs 
structural bodies 11a and lib are made of a metal having catalysis such that 
harmful substances can be effectively decomposed preliminaiily. The next 
TWO honeycomb stmcLural budicai 11c and lid constitute a main exciting 
region for decomposing hsumful substance preliminarily excited in the 
25 preliminary exciting region into harmless substances and/or substances which 
could be easily collected by a later simple treatment. Therefore^ it is 
preferable to make the honeycomb structural bodies 1 1 r and 11 d nf a material 
having photocatalysis. The remaming two honeycomb structural bodies lie 
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and llf constitute an after exciting region for decomposing residual harmful 
substances with electrons having higher energy. Output peak voltages of the 
first, second and third pulse supply sources 16a, 16b and 16c are set to 15 kV, 
20 kV and kV, respectively. In the present embodinitinL, Qic huucyuumb 
5 sLrut;Lural body has ihi ough holes of squax-e cross section having a side of 

6 mm. According to the invention, size and configuration of through holes of 
honeycomb structural body and amplitude and pulse duration of the pulse 
voltage may be determined such that suitable discharge condition can be 
attained. 

10 Fig. 26 is a cross sectional view showing a configuration of inner 

walls of through holes 12 of a honeycomb structural body 11 of a thirteenth 
embodiment of the substance treating apparatus according to the invention. 
In the previous embodiments, the through holes 11 have flat or smooth inner 
walls, but in Uic present embodiment, protrusions and depressions arc formed 

15 in the inner walls of through holes 12 as illustrated in Fig. 26. Such a 

configuration of the inner walls of through holes 12 may be easily obtained by 
forming a number of ring-shaped recesses or by forming small protaisions 
regularly nr ax random. Tn the present embudiiiicut. Qic pioLiusions and 
depressions aic formed in a whole inner wall of through hole 12, but according 

20 to the invention, dicm may be formed in a part of the inner wall. Particularly 
when the honeycomb structural body li is made a material having 
photocatalysis, it is preferable to form protrusions and depressions in a whole 
surface of a through hole. 1 2. 

Wlien tlie througli holes 12 have protrusions and depressions, a 

25 waste gas is disturbed to generate a turbulent flow. Then, the waste gas is 

stirred effectively and a possibility of reaction of harmful substances wixh high 
energy electrons generated by the discharge plasma. In this manner, the 
treating efficiency can be further improved. It should be notftd that the 
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formarion of prorrusioris and depressioas in The inner walls of rhrongh holes 17. 
does not substantially affect clie geaeiatioii of dischaige plasma. MoAeovei, 
when the hoaeycomb structural body U is made of a material having 
photocatalysis, harmful substances are treated by decomposition and/or 

5 oxidation by active oxygen produced by the excitation with ultraviolet emitted 
from the discharge plasma. In this manner, the generation of the tLirbulent 
flow is advantageous. 

In all the embodiments so far explained, a waste gas is flowed 
through the through holes formed in the honeycomb structural body and the 

10 discharge plasma is generated along the through holes. According to the 
invention, when the phoiocaialysis is utilized, ii is not always necessary to use 
Llic huucycuuib suucluial body. Now such an embodiment will be explained. 

Fig. 27 is a perspective view showing schematically a fourteenth 
embodiment of the substance treating apparatus according to the invention. 

15 In the present embodiment, on an inner wall of a metal sleeve elecurode 36 is 
rherp; if5 arranged a firsr insularing sleeve 37 made of ceramics including a 
material having photocatalysis. The first insulating sleeve 37 defines a 
passage for a waste goa flow. Along a center of the first insulating sleeve 37, 
there is further arranged a wire electrode 38 having a second insulating sleeve 

20 39 applied thereon, said second insulating sleeve being made of ceramics 
including a material having phoLcicaLalysis. The outer sleeve clcclrudc 36 
and wire electrode 37 arc connected to a pulse supply source 16, pulse corona 
discharge plasma is generated between the sleeve electrode 37 and the wire 
electrode 38- 

25 Also in the present embodiment, harmful substances contained in a 

waste gas are decomposed by the reaction with accelerated electrons and 
radicals generated by the discharge plasma between the sleeve electrode 36 
and the wire electrode 38, and at the same time, harmful substances are 
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decomposed and/or oxidized by active oxygen produced by the first and 
second insulating sleeves 37 and 39 excited with ultraviolet generated by the 
discharge plasma. Tn This manner, the harmful snbsrances can be trftated 
efficiently. 

Fig. 28 is a schematic view showing a waste burning plant having 
the substance treating apparatus according to the invention. A collected 
waste is burnt by a burning furnace 41 and a waste gas from the furnace is 
conducted to a dust collecting chamber 43 through a duct 42. During the 
potation through the duct 42, hydrated lime is added to the waste gas- In the 
dust collecting chamber 43, particles contained in the waste gas are collected. 
Then, the waste gas is guided into a harmful substance removing chamber 45 
having the substance creating apparatus 44 according to the invention. In the 
harmful substance removing chamber 45, during the waste gas is flowed 
tlu-ough tho dirough holes in the honeycomb structural body, harmful 
substances in the waste gag such dioxins, SO^^ and NO^ are effectively 
decomposed by the reaction with the discharge plasma. Since the 
discharging elecrrode-s are made of a metal having caialysisi and/or rhp, 
houe^couib suuctuial body is made of a material having photocatalysxs, 
harmful substances can be processed with a very high treating efficiency. 
Hnally, a harmless waste gas Ixom the harmtul substance removing chamber 
44 is discharged from a smokestack 46. 

It should be noted that die present invention is not limited to the 
ernboditiieriLs cxplaiucd above, but uiauy alLduatious and modifications may 
be conceived by a person skilled in the art within the scope of the invention. 
For instance, in the above embodiments, the substance treating technology 
according to the present invention is applied to city type incinerators and 
waste burning plants. However, the substance treating technique according 
to the invention may be e-qually applied to another applicatinns. For instance. 
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the present invention may be applied to a deposition of silicon by a 
decomposition of silane. Furthermore, the present invention may be applied 
to treat flon and irichloroethylene. 

As explained abDve in detail, acctirding Lij the present invenliim, 
since tlic discharge plasma is generated witliin die dirough holes formed in tlie 
honeycomb structural body, the discharge plasma can be generated uniformly 
over a whole honeycomb structural body. Therefore, by flowing a gas 
containing substances to be treated through the through holes, the substances 
can he effectively decnmpased nr tranrfnrme^ intn easily collectable 
substances by the reaction with electrons generated by tlie discharge plasma. 
In this manner, the given substances can be treated efficiently. Moreover, 
when tbe discharging electrodes are made of a metal having catalysis, the 
substances can be easily decomposed, and when the honeycomb smicniraJ 
buUy is made of a luatexial liaviug photocatalysis, substances can be 
decomposed and/or oxidized by active oxygen generated by the photocatalysis 
material excited with ultraviolet emitted from the discharge plasma. Then, 
the treating efficiency can be further improved. 

When the pulse supply source is used for generating the discharge 
plasma, electrons having sufficiently higli energy for decomposing dioxins can 
be generated widi an extraordinary high density, and dioxins can be efficiently 
converted into harmless substances. I'herefore, the substance treating 
technique according to the invention is pardcularly preferable to be applied to 
city type incinerainrs and large scale intiustrial wasLe treating planLs. 

When use is made of tlic pulse supply source having a static 
induction thyristor as a switching element, small size, low power consumption, 
semipermanent life time, easy maintenance, low initial cost and low running 
cost can be attained. 

Moreover, in the embodiments in whici the discharging voltage is 
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applied in a direction parallel to a longitudinal direction of through holes 
formed in a honeycomb structural body, since a large discharge region can be 
obtained by the surface discharge along inner walls of ihrough holes, the 
TcacLiDn of subsLanues U) bt5 LreaLcd willi clccLrun« generated by Lhe discharge 
plasma is cnlianccd to increase a treating efficiency. 

Further, the substance treating apparatus according to the invention 
may applied to existing waste treating plants, firepower generating stadons, 
blast furnaces and so on, and the present invention can provide one of 
RohitioTifi for environmental problems and can used in various applications. 
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